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ALUMINIUM

Moterials

* Bouxite (the Ore).

* Sodium hgdroxide'

. Crgoh’rv.
Process of extraction.
*Bauxite is ground into powder and heated in a steel
container to convert any Iron (II) oxide impurity present
into Iron (III) oxide and also to remove woter of
crgsmnizoﬁon.
*The powder is then boiled with hot concentrated Sodivm
hydroxide solution thot dissolves the amphoteric Aluminium
oxide and ocidic Silicon dioxide in the Ore forming Sodium
aluminate and Sodivm silicate in a container.

A,04 + ZNaOHw) - ZNaMOUQ )+ H20,
Si0y + 3NaOH, )—> NaZSi0s, N H20,

*The undissolved basic ]E.Lron (I1D oxnde is fikered off.
«Carbon dioxide is bubbled through the filirate to precipitote
Aluminivm hgdroxide leaving silicate ions in the solution.
~Auminium hydroxide is washed, dried and strongly heoted
to produce Aluminivm oxide.

* Auminium oxide is placed in the electrolytic cell and heated
with cryolite.

* Cryolite is vsed in the electrolysis of aluminium oxide for
fwo main reasons: o lower the melting point of the
mixture and to increase its conductivi

* Molten aluminium oxide, Using graphite elec’rrodes in an
Iron bath lined with Grophite.

At the cathode; AP + 2e — Al

A the Anode; 207 — 0, () + 4e

Positive carbon anodes

Aluminium + cryolite

Negative
carbon
cathode

ium

f—Slcc\ container

of aluminium

Alumini

Aluminium Out

Extraction

TRON
Materials:

» Iron ore (Heamatite)
* Coke.
+ Limestone (calcium carbona’re; 4
Process of extraction:
e Iron ore, coke and limestone are fed into the blast furnace
from the top.
* Hot air is fed into the furnoce from the bottom at abouvt
1000 °c.
¢ Carbon (coke) is oxidized bg hot air to carbon dioxide gos:
Co * Oug COyg)
+ Carbon alonde gos produced is reacted with excess or
unreacted coke producing carbon monoxide gos.
coz(g)* Gy = 2COq
* The carbon monoxide produced reduces the Hoemadtite to
iron.

FQZOKS) + BCO() d ZFQ(S) + BCOZ(Q)
* Limestone decomposes to calcivm oxide and carbon dioxide

qos.
CaC0sy5) — Caly) + COyq)

* The Calcium oxide combines with silica (Silicon dioxide)
impurity to form slag (calcium silicate).

* The slag sinks to the bottom and floots on iron, protecting
the iron from being re-oxidized hot air.

* Purification: Pure iron is obtained by passing air throvgh
molten iron to remove non-metal impurities.

* NOTE: Lime stone is used in the removal of impurities. €9
silicon dioxide (silica).

charge of iron ore,
limestone and coke in

hopper = waste gases

furnace lining iron oxide reduced

600° - 700°C

800° - 1000°C

/

= blost of hot air

carbon bumns

blast of hot air —=
molten slag — b

molten iron
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Copper
Maderials
« Copper pyrites
» Silicon dioxide
« Ol
« Acidified copper(II) sulpha’re solution.
Process of extraction
a) Concentration of the ore:
The ore is crushed and ground fo fine powder, mixed with oil and water in
a steel tonk 10 remove impurities.
+ Compressed air is blown through the mixtvre in the tonk a process known
as froth flototion, to agitate the mixture.
+ Oil coated particles of the ore floot on top of the tonk and are skimmed
off ond dried.
b) Reduction or roasting of the ore:
« Copper pg rites are roasted in a furnace to form copper(I) suphide, iron(IT)
oxide and Sulphur dioxide gos.

LCuFeSy + Oy — Cu; S + ZFeOy + 350y

« Silicon dnox1de is added to the furnace. Where it reacts with iron(II) oxide

to form iron(IT) silicote, slag leaving behind the copper(I) sulphide.

The copper(I) sulphide is heated strongly in a furnace with limited supply of

oxygen to form impure copper and Sulphur dioxide gos

¢) Purification:

The impure copper is purified by electrolysis using impure copper as anode

and pure copper as cothode in an electrolyte cell containing acidified

copper(II) sulphate solution as electrolyte

» Impure copper dissolves 1o form copper(II) ions and pure copper is

deposited ot the cothode.

At the cathode, copper(II) ions are deposited os copper.
Qg + 2e 2 Cug

At the anode, copper goes info solution os copper(II) |ons
oot Le
(ao)

Cug = Qv

copp,e.r copper as

as anode

y—s G ae”

solution

Experimental set up for the electrolytic refining
of copper.



CEMENT Foee.
Moaterials <
* Limestone N
. Clag, shale
+ Silica
« Tron oxide

Process 0§ Production \Q

* The row moterials are run through a crusher and milled
into fine powder.

* The powders are blended ond pre-heated to around
900°C in a rotary kiln using hot gases. The pre-heating
burns off impurities.

* The material is burnt in a large rotary kin at 1500 °C.

* The rotary kiln continvously mixes the ingredients and
distributes heat uniformly on limestone to decompose it to
Colcium oxide so thot carbon dioxide is driven of¥,
forming clinker.

CaCOy () — CoO + COyq

* The clinker is then cooled and ground to a fine powder in
a rototing drum filled with steel balls of different sizes -
depending on the desired fineness of the cement, thot
crush and grind the clinker.

* GYpsum is added during the grinding process to moderate
or control the 'sefting' of the cement.

* The cement is then bagged ready for sale, transportotion
ond use.

CHLORINE GAS

Row material X
Concentrated sodivm hydroxide solution (brme) "\

Grophite.

Mercurg.

Process 0f Production

* Brine is electrolyzed in an electrolytic cell having graphite
anode and mercury cothode.

* During the elem‘rolgsis, chloride and hgdroxide ions migrate
to the anode.

* Chloride ions are preferentially discharged by electron loss
o form chlorine gos duve to their high concentration.

* M the Anode:  ZCI () - Cl, g + Ze

* The chlorine formed is dried, liqueﬁed and stored in ﬁghﬂg
closed tonks.

SODIUM HYDROXIDE
Modterials

« Concentrated sodim hydroxide solution (brine). | * Sviphvr.
- Graphite. * Oxygen. _
< Mercuru. * Vanadium(v) oxide.

Process Of Production

* Brine is elec’rrolgzed in an elec’rrolgﬁc cell
having graphite anode and mercury cathode.

* During the elec’rrolgsis, Sodivm ions and
hgdrogen ions migra’re to the coathode.

* Due to high concentration of sodivm

hgdroxide, sodivm ions are

preference o hydrogen ions by electron gain

to form sodivm metal.

« Cothode (negah’ve electrode): mercury flowing

along bottom of cell
NG‘((” *

£or re-use as the coathode.

* The sodium hydroxide solution is evaporated
o dryness fo motten sodivm hydroxide omd

e 2 Nog

+ The sodium metal dissolves (combines with )
in mercury to form sodivm amalgam which is
reacted (dissolved in) with woter to form
sodivm hgdroxide solution, hydrogen ond
mercury. Mercurg is fed back into the cell

cooled to form solid sodivm hgdronde
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SULPHURIC ACID

Raw materials

s Water.
rocess of production.
Svlphur is heated strongly

qos.
* Sy * 02@ - SOZ@

in Svlphur dioxide is further reacted with
excess oxygen in presence of vanodivm(v)

oxide catolyst ot 400 °C- 500 °C ond 1-2
atmospheres in o closed cylinder fo
produced sulphur trioxide gos.

* IS0y *+ Oyq = 2S05y

Svlphur trioxide gos is bubbled in a tonk
containing concentrated sulphuric acid to
_ form oleum.

woter o produce sulphuric acid which is
stored in
2303(9) +HZSO4(aq) - H,5,04
H,S,04) + H,0 — H,S04
. The sulphuric acid is then stored in the

s+omge tonks. ﬁ x

LIMe

* Limestone is rounded into fine parﬁcles, then

£ed into a ki|n, heated at about 900°C to0 form
quick lime.

* CaC05) = CaO(s) + €Oy
* The quick lime (calcivm “oxide) formed is then

cooled, added 1o woter Forming sloke lime
(Calcium hgdroxide) in o sealed reactor tank.
* Ca0y + H;0() — CalOky

* The slake lime formed is passed through the
n purifiers o remove any impurities and woter,

concentrated and packed.

or roosted in o
closed cylinder to produce Sviphur dioxide

J { Oleum is dilvted with appropriate volume of]

OXYGEN

Modterials

* Hir.

* Silica gel.

* Concentrated sodium hydroxide solution.

Process of production

* #ir is passed through filters o remove smoke
particles and dust particles.

* #ir is possed through concentrated sodivm
hydroxide solvtion o absorb/ remove carbon
dioxide, which is acidic.

* ZNaOH (4 + €O, ) = N0yCO5 (o + H,0

* fir is free from Carbon dioxide is now poassed
through Silicon(IV) oxide (silica gel) to absorb
woter vopour.

+ Carbon dioxide and water vapour are removed
from air before it is liquefied because they
solidify ond block the apparatus.

*» The air is now compressed ot Z00 atmospheres
and allowed fo cool by making it escape into a
large space through o jet.

* The process of cooling is repeoted several
fimes fo obtain liquid air ot about ~Z00°C.

* The liquid air is fractionally distilled using a
fractionating column.

* Nitrogen boils off first becavse it has o lower
boiling point (-196°C) leaving behind oxygen with
o higher bailing point (-183°C).

* Both nitrogen and oxygen collected obtained
contain traces of noble goses.

* Pure oxyogen is then stored under pressure in
steel cylinders_% 5880




AMMONTA
Raw materials

* Nitrogen gos B
. Hydrogen qos. 1
Process of production
. Ni’rrogen gos £from froctional distillotion of
|iquid air is reacted with hgdrogen gos £from
natural gas in a ratio of 13 respectively.
This is done in o closed cglinder, ot
temperature (450 — 500 °C), and pressure of

sy

200 otmospheres, with o finely divided Iron ¢ Ammonium nitrate fertilizer is obtoined from nitric acid
ond ammonio gos.

* During Hober process:

Anhgdrous ommonio is s’rored as o hqond under |* Nitrogen obtained from oair reacts with hydrogen from
natural gos in a sealed container ot 450°C and 200
otmospheres to form ammonia gas.

* The qgos is then purified, liquefied and refrigerated.

* Ny + Sbhyg = ZNHyg)

* During Cm‘algﬁc Oxidation
oxidized fo nifric oxide gos in o sealed container in the
presence of platinum — rhodium cotalyst.

modterial. * The nitric oxide gos then reacts with woter o form

Nitric acid.

Cotalyst:
Nyg) + S = ZNHyg

pressure for ease handling in cyliders.

Rio Gas

* Biogas can be made from agricvttural waste,
manure, sewage, food scrops, and plont

* The woste is crushed and mixed with woter
o form a slurry.

* The slurry is placed in an anoerobic
digester, o sealed container where bacteria
break down the organic modter..

« The bocteria produce methone (CH.) and
corbon dioxide (CO2) as the main gasesOther
gases like hydrogen sulfide HS) may also
be present.

* The biogos is collected in a gos s’rorage Methan Cig
chamber.

* Impurities like woter vapor and hydrogen
sulfide are removed to improve quality

* The purified biogos con be used for cooking,
heahng eledncu’fg generation, or even os
vehicle fuelThe leftover moterial (dlgesl-a’re)
is used as organic fertilizer.

» Both nitric acid and ammonla gos are heated in a
neviralizer reactor tonk to form oammonium nitrote as

o fertilizer, purified, concentrated and pocked.

* NHyg) + HNO3oq — NHNOy

Wasser H;O

FERTILIZERS

ALL PURPOSE
i FERTILIZER
34-0-0

AMMONIUM NITRATE

AMMONIUM SULPHATE FERTILIZER

UREA FERTILIZER

* Aimmonium sulphate fertilizer is obtained from
Svlphuric acid and ammonia gos.

* During Hoaber process:

« fimmonia is produced by reacting nitrogen

obtained from air with hydrogen from notural

gos in o sealed container at femperoatures of

450°C and pressure of 200 atmospheres forming

dry ammonia gos.

The gas is then compressed into liquid and

refrigerated.

* Urea fertilizer is obtained from ammonio
and carbon dioxide gos.

* During Hober process: nitrogen obtained
from air with hydrogen from notural
in a sealed container ot temperatures of
450°C and pressure of 200 atmospheres
to form ammonia gos.

* Ammonia gos is then purified, liquefied
and refrigeroted.

Nyg + Sbhg — ZNRyg

* Both ammonla gas ond carbon dioxide
gos react in a sealed reactor tank to
form Urea os fertilizer, purified,
concentrated and pocked.
* ZNHq) + COyq — HZNCONy( + HZO,,

®

oaMmMonio: ammonio gas iS

Ny + Sbhyq) ZNHyg)
During Contact process: Sulphuruc acnd is produced
by reacting sulphur in air fo form svlphur dioxide
gos; followed by catalytic oxidation of sviphur
dioxide o form sulphur frioxide gas in o sealed
reactor tonk.

* 3NOyq) + H20 ZHNO5qq) + NO,

S+ Oyg) = SOy

M : ®
SOy * 82(9) = S0
The suiphur trioxide gos formed is then reacted in

0 sealed reactor tonk containing concentroted

Svulphuric acid to form Oleum, which is dissolved in
woter to form pure Sulphuric acid.

Ratay™\" 2 L SOy + H,S04q) = H,S, 04y (Oleum)

- HZSZO‘KL) + H,0p - ZHZSO«Q )

Both Svulphuric acid and ammonia gos are
heated in a sealed reactor tonk to form
ommonium sulphote as fertilizer, purified,
concentrated and pocked.

ZNHyq) + H;S0yq — (NB), S04
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from Bananas 8
Row material: bananas, sorghum, woter =
* The bananos are covered offer harvesting for about a
week to ripen. (During Ripening, enzyme diostase
Starch  + B0y = Cyphy;0pq)
* The ripe bananas are put in a wooden trough and then
them while adding water. .
* The mixture is fittered fo obtain juice. \\ q
y
fittered jvice and the mixture is stored. —-—
* The mixture is then covered in a warm place to cut off
* Yeast from fermented sorghum provides moltose
enzyme which catalyses hydrolysis of maltose to glucose.
¢ Zymose enzyme from Yeast catalyses the hydrolysis of
glucose fo ethonol which is crude
* The crude ethanol is purified by fractional distillation to
obtain pure ethanol.
Benzene is reacted with o long chain alkene in presence of
an ocid fo form alkylbenzene.
form alkylbenzene sulphonic acid, which is then nevtralised by
ing it with concentrated sodivm hydroxide to form

Process of production L
convert the starch in banana to maltose).
squeezed between spear grass to extract the jvice from
* Sorghum which has been roasted is added to the
oxygen supply to allow fermentation to occur.
CoHa2Ooq + HO0p = ZGHyOyq)
CbH]ZO(D(qu — 2C,H;0H + 2COy, + Heot
Soapless Detergents
The alkylbenzene is heoted with concentrofed svlphuric acid to
Sodium alkyl benzene sulphonate, the soapless defergent.

Alkyl benzene sulphonic acid + NaOH - Sodium alkyl benzene svlphonate + #,0

Examples of soopless detergents include;
* Sodivm Lauryl Sulphate,
* Sodivm Lavreth Svlphote,
* Aimmonivm Lavryl sviphate,
* Linear alkylbenzene suviphonate.

\

ARIEL |
y

!

from Cassavo

* Cassava is ground in a morfor and mixed with woter o form storch
solvtion in o steel container.
* Malt is added to starch solution, ond diostose enzyme in malt
hgdrolgses starch 0 mokose. :
Starch  + #,0, - C]ZHZZOﬂ(aq}
* Yeast is then added 1o the mixivre.
* Yeast contains two enzymes, mohose and zumose.
* Maltose ca’rulgses the hgdrolgsis of maltose o glucose os below.
ClZHZZOﬂ(aq) + H0y - ZC@HEO(a(oq)
. ngase cotalyses the breakdown of glucose into ethanol, carbon
dioxide, producing heat in the process.
CobtnOyoq = ZCotsOHY) + 2CO

to form o paste.

* The sorghum paste is buried underground ond left for a
week 10 ferment to form geast

* fermented sorghum is removed from underground and sun
dried.

* And them mixed with ground Germinating sorghum
(containing maltose) in a plastic drum with warm water.

* The plastic drum is covered with air tight lid, and left o
stond for abovt 3 t0 5 dogs.

* Maltose enzyme in ly.os’r ca’ralgse the hgdrolgsis of Maltose

to glucose.

ug * Heot

CoPh2Onag *+ HO0p = ZCHyOuoq
* Then another enzyme from yeast called ngase cahlgses
the hgdrolgsis of glucose to ethanol which is crude ethanol
Co,leO@mq) — 2C, M0k + 2C0,, + Heat
* Pure ethanol can be purified by fractional distillation of

crude ethanol.

Soopy Detergents
®

MATERIALS:

v'Vegetable ail

v'Sodium hydroxide solvtion

v'Concentrated sodivm chloride solution

Process of production

. Vege’rable oil is first bleached with animal charcoal.
. Vege’rable oil is boiled with sodium hgdroxide solvtion for sometime until

* The mixture is left to cool.

(The ester in the vegetoble oil breaks down releasing the organic acid and
an alcohol, o process called saponification.

The organic acid is i ' by sodium hydroxide solution to
form o sodium solt of the organic acid, which is the soop)

* The soop is precipitated by addition of concentrated sodivm chloride solvtion,

o process called 'satting out.
ility of soop and couses precipitation of soop

y

* Sodium chloride
which floots on top of the solution.

* The solid soop is then removed ond compressed into a continuous block which

® is cut info bars.

Examples of soapy defergent. Sodium stearote, Potassium stearate, Sodivm

oleate, Potassium oleate, Sodivm palmitate, Potossivm palmitate
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